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CHAPTER ONE 
INTRO DUCT I ON 
l. 1 Obj ect 
This manual describes the procedure to prepare data for three com-
puter programs for the analysis ·of structures and two programs for plotting 
the resulting responses. Examples are provided to illustrate the use of 
the programs. 
Two of the programs (LARZ and LARZAK) are for seismic analysis of 
structures. Program LARZ treats a given structure as a multi-degree-of-
freedom model. Program LARZAK is for the analysis of IIsingle-degree" systems. 
Two plotting programs, PLARZ and PLARZK, were developed to work in con-
junction with LARZ and LARZAK, respectively. 
The third program (LARZ2) is for static analysis of multi-degree 
systems subjected to a series of incremental lateral loads applied at 
floor levels. The analysis can be performed for cyclic loading. In this 
case, Takeda hysteresis model (1) is used to calculate element stiffness 
variations. 
The analytical methods used in LARZ and LARZ2 are described in Chapter 
2~ and those used in LARZAK are presented in Chapter 6 of Reference 2. 
1.2 Acknowledgment 
The work reported here was part of a continuing research program for 
experimental and analytical study of reinforced concrete structures sub-
jected to earthquake motions. The project was sponsored by the National 
Science Foundation under grant PFR-78-l63l8. 
The writer wishes to express his special gratitude to Dr. Mete A. 
Sozen, professor of Civil Engineering at the University of Illinois at 
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and advice. Members of the panels were M.H. Eligator of Weiskopf and 
Pickworth, A.E. Fiorato of the Portland Cement Association, W.O. Holmes 
of Rutherford and Chekene, R.G.Johnson of Brandow and Johnston, J. Lefter 
of Verternas Administration, W.P. Moore, Jr. of Walter P. Moore and Associ-
ates, and A. Walser of Sargent and Lundy Engineers. 
Appreciation is due to Howard T. Pearce, graduate research assistant 
at the University of Illinois, for his helpful comments and criticism of 
the contents of this manual. 
Thanks are due Mrs. Laura Goode and Mrs. Patricia Lane for typing 
this report. 
The CYBER 175 computing system of the Digital Computer Laboratory of 
the University of Illinois was used to develop the programs. Two sub-
routines from IMSL computer library were used in the programs. Plotting 
subroutines from GCS library were used to plot response histories. 
The programs described here were developed in connection with the 
writer's doctoral dissertation submitted to the Graduate College of the 
University of Illinois at Urbana. The dissertation was supervised by 




2.1 General Comments 
The program user is assumed to be familiar with FORTRAN IV comp'uter 
language. Liability for the application of the program'is the responsibility 
of the user. To insure correctness of the input data, user may obtain a 
copy of the input, as is read by the program, and check the data. Only pro-
grams LARZ, LARZ2, and LARZAK have the facility to provide such control. 
The check can be performed by an appropriate value for parameter NUT (Sec-
tions 2.2.4 and 2.5.3). 
The programs can be used either in batch system or time sharing; 
therefore, the term Ilcard" used in this chapter will be considered IIline ll 
if a time-sharing terminal is used. Similarly, instead of IIpunch,1I the 
term II type II is applicable to the input prepared at a terminal. 
In preparing data for LARZ and LARZ2, the following points should be 
considered (Fig. 2.1): 
-The term IIl oca lll describes the type of a variable defined for a 
frame; the term IIgl oba 111 speci fi es the type of an item defi ned for a 
structure. 
-Local joint numbering is to start from the top-left corner of a 
frame and continues in the horizontal direction, then downward. 
-In local joint numbering, supports are to be numbered last. Sup-
ports do not enter in global joint numbering. 
-Frame one has the same local and global joint numbers. Global joint 
numbers of frame i can be calculated from 
i -1 




Jg = global joint number 
Jf = local joint number 
(NSJ)r = number of joints (excluding supports) in frame r 
-Because there can be two degrees of freedom at the same level, the 
term IIl eve lli or IIfloor ll was found inadequate to specify a degree of free-
dom; therefore, the term IIdegree of freedom" is directly used. 
-Local OOF numbering starts from the upper left of each frame, and 
continues in horizontal direction and then downward. 
-Frame one has the same local and global OaF's. For frame i, global 
OOF's are calculated from the following formula: 
where 
i-l 
Og = Of + I ( NO) r 
r=l 
0g = global joint number 
Of = local joint number 
(NO)r = number of OOF's in frame i 
2.2 Program LARZ 
This program analyzes planar structures, consisting of one or more 
frames and walls, subjected to an input base acceleration history. Frames 
are assumed to comprise vertical and horizontal elements. Inelastic de-
formations are considered by taking into account material nonlinearity. 
Several assumptions and idealizations described in Chapter 2 of Reference 2 
are applied in the program. In the present chapter, only the procedure to 
prepare input data is provided. Table 2.1 presents the input for the struc-
ture shown in Fig. 2.1. 
2.2.1 Project Title (7A10) 
COLUMN NO: 1-70 
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NOTATION: PRJ (*): project title 
LIMIT: 70 characters 
COMMENTS: The title of the structure and/or project is provided on 
this card. The title may consist of any combination of numerical values 
and upper-case alphabetic symbols. The data on this card will appear in 
the front page of the output. 
2.2.2 Units (3A10) 
COLUMN NO: 1-30 
NOTATION: UNIT (*): units 
LIMIT: 30 characters 
COMMENTS: This card allows the user to specify the units being 
used. All the input data have to be in the same units. The output will 
have the same units as those of the input. The units involved are for 
length, force, and time. The user may use any part of the specified 
range (columns 1 through 30) to punch (type) the units. 
2.2.3 General Information (E15.6,3F10.5) 
COLUMN NO: 1-15 

















G: gravity acceleration 
none 
26-35 
ALPHA: coefficient of mass matrix in the expression for 
damping (Chapter Two, Reference 2) 
2 2 a=2wlw2(~2wl-~lw2)/(wl-w2) 
~l and ~2 = the damping factor for the first two modes; 
wl and w2 = the frequencies of the first two modes. 
36-45 
BETA: coefficient of stiffness matrix in the expression 
for dampi ng. . 
2 2 S=2(~lwl-~2w2)/(wl-w2) 
2.2.4 ~tructural Information (1015) 
COLUMN NO: 1-5 
NOTATION: NFRM: number of frames 
LIMIT: 5 
COMMENTS: The structure to be analyzed may consist of more than one 
but less than six frames and walls. 
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COLUMN NO: 6-10 
NOTATION~" NFMAX: the total number of horizontal degrees of free-
dom in the structure 
LIMIT: 20 
COr~MENTS : none 
COLUMN NO: 11-15 
NOTATION: NFLX: number of flexural element types 
LIMIT: 20 
COMMENTS: Usually in a structure, cross sectional .dimensions and 
reinforcement distribution of some elements are "identical. If such 
elements have the same anchorage donditions, unit length flexural prop-
erties for all of them are the same; hence, they represent one type of 
flexural element. 
COLUMN NO: 16-20 
NOTATION: NG: number of element dimension types 
Ln~IT: 20 
COMMENTS: Members having the same left rigid end length, the same 
middle portion length, and the same right rigid end length represent one 
type of element dimension. 
COLUMN NO: 21-25 
NOTATION: MBMAX: maximum number of bays 
LIMIT: 8 
COMMENTS: Different constituent frames of a structure may have 
different number of bays. r~B~"1AX is the number of bays of the frame with 
the largest number of spans. 
COLUMN NO: 26-30 
NOTATION: IHYST: index to specify the hysteresis type to be used 
LIMIT: 
COMMENTS: Currently there are five types of hysteresis models which 
can be used in the program. Only one hysteresis model can be used in 
each analysis. In other words, different models cannot be assigned to 
different members of a structure. Informations about the hysteresis 
systems are provided in References 1,2, and 3. 
The following are the indtces for each model: 
IHYST = 1 Takeda model 
= 2 Sina model 
= 3 Q-Hyst model 
= 4 Otani model 
= 5 Simple Bilinear model 
COLUMN NO: 31-35 
NOTATION: NSV: the frequency of checking response for maxima and 
saving it for plotting 
LIMIT: total number of steps at which data are saved < 1900(LARZ), 
3800(LARZJ\K) 
Matz ~~C~rnnc0 Eoom 
01 :\ ~ p. , -V:..J. .!!..ngl2-.::.'3:Ciy\g DOI)3.rtmentr 
BI06 C.E. B~ilding 
University o~ Illinois 
Urbana, Illinois 61801 
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COMMENTS: If a small time interval is used for numerical integration, 
it is unnecessary and inefficient 1) to check the response points at all 
time steps for maxima, and 2) to save the data calculated at all time 
steps for plotting. Therefore, NSV-l number of data is skipped before a re-
sponse point is checked for maxima, or saved for plotting. 
COLUMN NO: 36-40 
NOTATION: NeVe: the frequency of changing stiffness 
LIMIT: 
COMMENTS: The hysteresis models used in the program consist of 
linear segments the slopes of which represent stiffness. The stiffness 
characteristic of an element does not change as long as a break point is 
not passed. If a small time step is used for the analysis, changes of 
structural stiffness from one step to the next may be insignificant. 
Furthermore, reconstruction of structural stiffness matrix at all time 
steps is costly and inefficient. Therefore, stiffness.is changed once 
at every NeVe time steps. 
COLUMN NO: 41-45 
NOTATION: HvEI: index to speci fy if mass or wei ght wi 11 be gi ven 
in the input 
LIMIT: 
COMMENTS: lWEI = 0 mass will be given 
COLUMN NO: 
NOTATION: 
. L If~IT: 
COMMENTS: 
= 1 weight will be given 
46-50 
NUT: index to specify the contents of the output 
NUT = 0 print both input and output 
= 1 print input only; do not analyze the structure 
= 2 print output only 
It is recommended that~ first NUT = 1 be used and the output, which 
reflects only the input data, be checked. After the user is certain about 
the correctness of the input, NUT = 0 or 2 can be used. 
2.2.5 frame Information (415) 
One card is needed for each frame. The data on the ith IIFrame 
Information" card will be considered for the frame i. 
COLU~1N NO: 1-5 
NOTATION: NM: number of members in the frame 
LIMIT: 80 members in structure 
COMMENTS: none 
COLUMN NO: 6-10 
NOTATION: NJ: number of joints (including supports) in the frame 
LIMIT: 50 joints (excluding supports) in structure 






NS: number of supports in the frame 
none 
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COLUMN NO: 16-20 
NOTATION: NF: number of horizontal degrees of freedom in the frame 
L I~lIT: 20 
COMMENTS: none 
2.2.6 Mass or Weight (5E15.5) 
COLUMN NO: 1-15,16-30, ... 
NOTATION: A~1ASS(i): mass or weight at the level where the ith 
horizontal degree of freedom is defined 
LIMIT: 
COHMENTS: AMASS(l) is punched (typed) in the first 15 columns, 
AMASS (2) is punched (typed) in the second 15 columns and so on. 
2.2. 7 Fl exura 1 . Properti es 
For each typical flexural element, there are two cards to be pre-
pared: first, card (a) followed by card (b). 
a. Flexural Properties (bond slip excluded)(7E10.3) 
COLUMN NO: 1-10 
NOTATION: ERTI(i): moment of inertia of typical flexural element i 
LHlIT: 
Cor~MENTS: If the primary curve considered by the hysteresis model is 
a trilinear curve (Takeda and Sina hysteresis models), ERTI is the 
moment of inertia for an uncracked section. If a bilinear primary 
curve is used (Otani, Simple Bilinear, and Q-Hyst models), ERTI is 









ERTI(i) = YIM(i E.YIC i 
11-20 
CR~1( i ) : cracking moment of flexural element type 
none 
21-30 
YIM(i): yielding moment of flexural element type 
none 
COLUMN NO: 31-40 
i 
i 
NOTATION: ULM(i): moment at a point beyond the yield point of 
primary curve 
LIMIT: 
COMMENTS: This value is used only to calculate the slope of 
post-yielding segment of M-8 curve; it does not impose any 1 imit on the 
resistance of the member. 
COLUMN NO: 41-50 




COLUMN NO: 51-60 
NOTATION: ULC(i): curvature at a point beyond the yield point 
LIMIT: 
COMMENTS: The curvature must be the value of curvature at the point 
where moment is equal to ULM(i). 
COLUMN NO: 61-70 
NOTATION: FCC(i): crack-closing moment when Sina hysteresis model 
is used 
LIMIT: 
COMMENTS: Leave blanks if· a hysteresis model other than Sina is used. 
b. Rotation due to Bond Slip (3E15.6) 
COLUMN NO: 1-15 
NOTATION: SC(i): unit length rotation due to bond slip corresponding 
to the cracking moment 
LIMIT: 
COMMENTS: Procedure to calculate rotatinns due to bond slip is 
described in Chapter 2 in Reference 2. 




COLUMN NO: 31-45 
unit length rotation due to bond slip corresponding 
to the yield moment 




2.2.8 Typical Element Dimensions (3F10.3) 
The first card of this group represents the dimensions of member type one. 
COLUMN NO: 1-10 
NOTATION: TYPT(i): total length of member 
LIMIT: 
COMMENTS: none 
COLUMN NO: 11-20 
NOTATION: TYPL(i): length of left (top) rigid end portion 
LIMIT: 
COMMENTS: none 
COLUMN NO: 21-30 
NOTATION: TYPR(i): length of right (bottom) rigid end portion 
LIMIT: 
COMMENTS: none 
2.2.9 Member Characteristics (615) 
One card is used for each member. First, the data for members of 
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frame one are given. The ith card for each frame contains the data for 
member i of that frame. 
COLUMN NO: 1-5 
NOTATION: MCH(i,l): element dimension type for member i 
LIMIT: NG 
COr~MENTS : none 








COLUMN NO: 16-20 
flexural element type for the left (top) 
end of member i 
flexural element type for the right (bottom) 
end of member i 









L rr~IT : 
21-25 
NODE(i,2)= right (bottom) end local incidence of member i 
none 
26-30 
IDIR(i): index to specify whether the member is a beam 
or a column 
COMMENTS: IDIR(i) = 0 if member i is a column 
= 1 if member i is a beam 
2.2.10 Main and Dependent Degrees of Freedom 
Each horizontal degree of freedom may consist of more than one 
joint. One of the joints in each degree of freedom is considered as the 
main joint; others are assumed to be dependent joints. There are two cards 
for each horizontal degree of freedom: cards (a) and (b). Data cards for 
frame one come first, followed by the data for frame two and so on. 
a. Main Joints (315) 
COLUt~N NO: 1-5 




COLUMN NO: 6-10 
NOTATION: LIST(*): number of dependent joints in the frame 
LIMIT: 8 
COM~1ENTS : If there are no dependent joints, use 1. 
COLUMN NO: 11-15 
NOTATION: I FRE (*) : 
LIMIT: 
Cor~MENTS ; none 
b. Dependent Joints (815) 
COLUMN NO: 1-5,6-10, 
corresponding global degree of freedom 
NOTATION: LIST(*): dependent local joint 
LI~lIT: 
COMMENTS: Each dependent joing is punched in five columns of this 
card. If there are no dependent joints, punch the main joint number in 
the first five columns. 
2.2.11 Height of Levels (10F8.3) 
COLUMN NO: 1-8,9-16, ... 
NOTATION: HT(i): height of the level at which the ith degree of 
freedom is defined 
LIMIT: 
COMMENTS: ith 8-column range is for the ith degree of freedom. If 
there are more than ten degrees of freedom, use two cards. 
2.2.12 Involved Joints 
Adjacent to each level, where one horizontal degree of freedom is 
defined, there are joints above and/or below which are connected to the 
level by means of columns. Any rotation at these joints will cause 
moment at the joints in the level of concern. Because the program is 
developed to solve irregular as well as regular frames, it is necessary 
that information about the joints adjacent to each level and within the level 
be provided. The data are used to trace the location of non-zero elements 
of upper right structural submatrix (Appendix B in Reference 2). 
a. Number of Involved Joints (1615) 
COLUMN NO: 1-5,6-10, ... 




b. ]nvolved Joints (1615) 
COLUMN NO: 1-5,6-10, 
NOTATION: JTK(*): global joint number adjacent to the level where a 
. degree of freedom is defined 
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LIMIT: 
COMMENTS: There are up to two 
The joint numbers are to be sorted. 
joints in a degree of freedom, only 
for the first degree of freedom. 
cards for each degree of freedom. 
If there are less than 17involved 
one card is needed. The first card is 
2.2.13 Hysteresis Parameters (2F10.4) 
COLUMN NO: 1-10 
NOTATION: BTO: power of slope of unloading branch from post-yielding 
port i on of the pri rna ry curve (a in Eq. 3. 1, Reference 2) 
LIMIT: 
COMMENTS: For Takeda, Sina, and Q-Hyst systems, BTO=0.4 'or 0.5 can 
be used. For Otani system, BTO=O.O is to be used if unloading sl~pe is to 
be the samewith the slope of unyielded portion of the primary curve. How-
ever, the routine for Otani model (developed by Otani, Reference 1) is 
capable to work with different values of BTO. 
BTO is ignored if simple bilinear hysteresis model is used; the space 
can be left blank. 
COLUMN NO: 11~20 
NOTATION: CTO: coefficient for crack-closing rotation (Eq. 3.4 in 
Reference 2) 
LIMIT: 1.0 
COMMENTS: This parameter is needed only when Sina model is used. If 
other models are used, the space can be left blank. 
2.2.14 Earthquake Title (7A10) 
COLUMN NO: 1-70 
NOTATION: ENAt~(*): name or any title describing the base motion 
LIMIT: 
COMMENTS: none 
2.2.15 Earthquake Information (4I5,5F10.6) 
COLUMN NO: 1-5 
NOTATION: NCRO: number of base acceleration cards 
LIMIT: see comment for the next parameter 
COMf~ENTS : none 
COLUMN NO: 6-10 
NOTATION: NOT: number of data points per card 
LIMIT: 8 
COMMENTS: NOT*NCRO has to be less than 2001. The last card may 
contain less than NOT data points. 
COLUMN NO: 11-15 
NOTATION: ICOOE: index to specify if base acceleration is given in 
equal time intervals 
LI~HT : 
COMMENTS: ICOOE = 0 data are not provided in equal time intervals 
= 1 data are provided in equal time intervals 
COLUMN NO: 16-20 




COMMENTS: IPLOT = 0 no plots are desired 
= 1 plots are desired 
COLUMN NO: 21-30 
NOTATION: ACCM: factor to normalize the base acceleration 
LIMIT: 
CO~1MENTS : none 
COLUMN NO: 31-40 
NOTATION: DT: time step for numerical integration 
LIMIT: 
COMMENTS: The program may automatically reduce DT for parts of the 
analysis, if a break point in the input acceleration is to be reached in 
a time less than DT. For example, in Fig. 2.2, during the period between 
TA and TB a smaller time interval is used. 
COLUMN NO: 41-50 
NOTATION: DTAC: time interval of data, if base acceleration is 
given in constant time increments 
LIMIT: 
COMMENTS: If the base acceleration is provided in varying time 
intervals, the space can be left blank. 
COLUMN NO: 51-60 
NOTATION: TM: factor to scale the time axis of the base acceleration 
LIMIT: 
COMMENTS: This factor is used whether or not base acceleration data 
are given in constant time intervals. If no change in the time axis is 
desired, TM = 1.0 is to be used. 
COLUMN NO: 61-70 
NOTATION: SUBT: value to be subtracted from ordinates of base 
acceleration points 
LItlIT: 
COMMENTS: SUBT is used in the program befor~ the acceleration is 
scaled by ACCM. 
2.2.16 Format of the Base Acceleration (7A10) 
COLUMN NO: 1-70 
NOTATION: FRMT(*): format used in the input acceleration 
LIMIT: 
COMMENTS: none 
2.2.17 Base Acceler.ation (FRMT) 
COLUMN NO: as specified by FR~IT 
NOTATION: if ICODE=O, TT(*) and 
respectively 
LIMIT: 
if ICOOE=l, ETQ(*): 
COMMENTS: none 
2.3 Program PLARZ 
ETQ(*): time and acceleration, 
acceleration 
Upon the execution of LARZ, if response plots are desired, the base 
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acceleration and the calculated results for base shear, base moment, 
displacements and acceleration for all degrees of freedom are written on 
three temporary tapes (TAPE3, TAPE4, and TAPE7). Program PLARZ reads the 
tapes and plots the response histories according to a specified scale 
given in the input file to the program. GCS plotting routines are used 
in the program. 
Before program PLARZ is executed, TAPE3, TAPE4, and TAPE7 have to be 
present as local files. In addition, an input to indicate the scaling of 
the plots has to be prepared. All the values in this input are to be 
positive. 
2.3.1' Ticlines (2F10.3) 
COLUMN NO: 1-10 
NOTATION: YTICD: the interval of ticlines on displacement axes 
LIMIT: 
COMMENTS: none 
COLUMN NO: 11-20 
NOTATION: YTICA: the interval of ticlines on acceleration axes 
LIMIT: 
COMMENTS: none 
2.3.2 Areas for Plotting (914) 
The data on this card specify a rectangular area to be used for base 
acceleration, base shear, and base moment plots (see Fig. 2.3). 
COLUMN NO: 1-4,13-16,25-28 
NOTATION: MS1(i): abscissa of the left side of the range (in terms 
of number of units) 
LIMIT: 50 
COMMENTS: i = 1 data for base acceleration, columns 1-4 
= 2 data for base shear, columns 13-16 
= 3 data for base moment, columns 25-28 
Each unit is approximately equal to 2.4 mm. 
COLUMN NO: 5-8,17-20,29-32 
NOTATION: MF(i): abscissa of the right side of the range (in terms 
of number of units) 
LIMIT: 90 
COMMENTS: i = 1 data for base acceleration, columns 5-8 
= 2 data for base shear, columns 17-20 
= 3 data for base moment, columns 29-32 
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COLUMN NO: 9-12,21-24,33-36 
NOTATION: MH1(i)~ height of the range (in terms of number of units) 
LIMIT: 
COM~1ENTS : i = 1 data for base acceleration, columns 9-12 
= 2 data for base shear, columns 21-34 
= 3 data for base moment, columns 33-36 
2.3.3 Left-Side Abscissa for Displacement and Acceleration (2014) 
COLUMN NO: 1-4,5-8, ... 
NOTATION: MS2(i): (odd i) abscissa for left side of displacement plot 
(even i) abscissa for l~ft side of acceleration plot 
LI~1IT: 50 
COMMENTS: The first two data are for the first DOF. 
than ten DOF's, use two cards. 
If there are more 
2.3.4 Right-Side Abscissa for Displacement and Acceleration (2014) 
COLUMN NO: 1-4,5-8, ... 
NOTATION: MF2(i): (odd i) abscissa for right side of displacement plot 
(even i) abscissa for right side of acceleration plot 
LHlIT: 90 
COt·1MENTS: none 
2.3.5 Height for Displacement and Acceler~tion (2014) 
COLUMN NO: 1-4,5-8, ... 
NOTATION: MH2(i): (odd i) height of range for displacement plot 
(even i) height of range for acceleration plot 
LI~lIT: 22 
COMMENTS: none 
2.4 Program LARZ2 
This program was developed to analyze reinforced concrete frame and 
frame-wall structures subjected to a series of monotonically changing static 
lateral loads applied at floor levels. Nonlinearity of material is taken 
into account at member level. Lateral loads may change sign; in other 
words, cyclic loads may be applied. Takeda hysteresis model is used to 
calculate stiffness changes (3). 
Load increments have to be sufficiently small to allow gradual change 
of stiffness. Special precautions must be exercised in the vicinity of the 
apparent yield point of the structure. If large load increments are applied, 
the lateral strength of the structure will be overestimated. 
Data preparation procedure is similar to that of LARZ, except for the 
following differences: 
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l-In card 2.2.3, ignore ALPHA and BETA. Data beyond the column 25 
of this card will not be read by LARZ2. 
2-In card 2.2.4, leave the space for IHYST and NSV blank. Substitute 
NCYC by NLD at columns 36-40: 
COLUMN NO: 36-40 
NOTATION: NLD: number of load increments 
LIMIT: 50 
COMr~ENTS : none 
If values for IHYST and NSV exist on the card, program LARZ2 will 
ignore them. 
3-E1iminate the cards 2.2.13 through 2.2.17 and instead add the follow-
ing card: 
2.4.13 Load Increments (lOF8.4) 
COLUMN NO: 1-8,9-16, ... 
NOTATION: DF(i,j): jth load increment at level where ith degree of 
freedom is defined 
LHUT: 
COMMENTS: The first eight columns contain the increments for the first 
degree of freedom. First card contains the value of the first load incre-
ment. If there are more than ten degrees of freedom, the first two cards de-
fine the first series of load increments. During the first loading the 
structure is assumed to remain uncracked. 
2.5 Program LARZAK 
The concept of representing a structure by a single-degree nonlinear 
system (Q-Model) is explained in Chapter 6 of Reference 2. The program 
LARZAK was developed to perform the Q-Model analysis. However, this program 
can be used for seismic analysis of any SDOF model represented by the sys-
tern shown in Fig. 6.1 in Reference 2. 
Other than base acceleration cards, there are only seven data cards in 
the input to the program. Five of these cards are identical to those used 
in LARZ. An example of input to LARZAK is provided in Chapter 3. 
2.5.1: the same as 2.2.1 
2.5.2: the same as 2.2.2 
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2.5.3: General Information (6E10.4,2I5) 
COLUMN NO: 1-10 
NOTATION: G: gravity acceleration 
LIMIT: 
COMMENTS: none 
COLUMN NO: 11-20 
NOTATION: ALPHA: ALPHA = 2~w 
where ~ = damping factor 
w = circular frequency 
LHlIT: 
COMMENTS: Damping is determined based on the initial frequency of the 
single-degree model, and is constant during the analysis. 
COLUMN NO: 21-30 












HT: height of the centroid of the mass 
none 
41-50 
BTO: power of unloading slope from post-yielding branch 
(Section A.4, Reference 2) 
Use BTO = 0.4 or 0.5 (References 1 and 3) 
COLUMN NO: 51-60 
NOTATION: FACT: factor to be multiplied by the calculated relative 
displacement of the mass 
LIMIT: 
COMMENTS: Use FACT = 1.0 if not running the program for the"Q-Model. 
Otherwise, FACT can be used to obtain the displacement history at a particu-
lar level of the original system (multi-degree structure). The value of 
FACT is determined considering the assumed deformed shape of the structure. 
COLUMN NO: 61-65 
NOTATION: NSV: frequency of saving the response and checking it to 
determine the maximum value 
Lrr~IT : 
COMMENTS: Use NSV so that there will be approximately 40 to 50 points 
saved for each second of the response history. 
COLUMN NO: 66-70 
NOTATION: NUT: see description for card 2.2.4 
LIMIT: 
Cor~MENTS : none 
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2.5.4 Moment-Displacement (4E10.3) 
This card provides information about base moment versus displacement 
at the mass level. The primary curve is assumed to be a bilinear curve 
symmetric with respect to the origin. Q-Hyst model (Appendix A in Refer-


















YI~1: moment at the break point of the primary curve 
none 
11-20 
ULM: moment at a point beyond break point on the pri-
mary curve 
ULM .> YIM 
21-30 
DY: displacement at the break point of the primary curve 
ULC > DY 
same as 2.2.14 
same as 2.2.15 
same as 2.2.16 
same as 2.2.17 
2.6 Program PLARZK 
If the program LARZAK is executed with value of IPLOT equal to 1, base 
acceleration and calculated displacement and base moment histories are writ-
ten on two temporary sequential files (TAPE3 and TAPE7). Program PLARZK 
was developed to read and plot these data according to a scale specified 
by the user. In addition, the user has the option to superimpose a series 
of data obtained from other sources (e.g., experimental results) on the 
calculated response. The superimposed data will appear in broken line 
in the output. 
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2 . 6. 1 Ge n era 1 In forma t ion ( 7 FlO. 3 ) 
COLUMN NO: 1-10 
NOTATION: ANS: duration of the analysis 
LIMIT: -
CO~1~1ENTS: none 
COLUMN NO: 11-20 
NOTATION: YTICA: interval of ticlines on base acceleration axis 
LIMIT: -
COMMENTS: none 
COLUMN NO: 21-30 
NOTATION: YTICD: interval of ticlines on displacement axis 
LIr~IT: -
COMMENTS: none 
COLUMN NO: 31-40 
NOTATION: YTICM: interval of tic1ines on base moment axis 
LIMIT: -
COMHENTS: none 
COLUMN NO: 41-50 
NOTATION: AFAC: factor to scale acceleration 
LIMIT: -









AFAC = am/a~ (see Chapter 6 in Reference 2) 
51-60 
DFAC: factor to scale displacement 
none 
61-70 
FACM: factor to scale base moment 
none 
2.6.2 Range Data (714) 
COLUMN NO: 1-4 
NOTATION: INDX: index to specify if there are data to be superimposed 
LIMIT: -
COMMENTS: INDX = 0 if no data are to be superimposed 
= 1 if there are data to be superimposed 
COLUMN NO: 5-8,13-16,21-24 
NOTATION: MW(i): width of the range assigned to: 
L I~lIT: 80 
COMt·1ENTS: none 
i = 1 (co1s. 5-8) base acceleration 
= 2 (cols. 13-16) displacement 
= 3 (cols. 21-24) base moment 
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COLUMN NO: 9-12,17-20,25-28 
NOTATION: MH(i): height of the range assigned to: 
LIMIT: 25 
CO~'1MENTS: none 
i = 1 (cols. 9-12) base acceleration 
= 2 (cols. 17-20) displacement 
= 3 (cols. 25-28) base moment 
2.6.3 Displacement Format (7A10) 
COLUMN NO: 1-70 
NOTATION: FRMD: format for the displacement to be superimposed 
LIMIT: 
COMMENTS: none 
2.6.4 Base Moment Format (7A10) 
COLUMN NO: 1-70 
NOTATION: FRMM: format for the base moment to be superimposed 
LIMIT: 
Cor~MENTS : none 
2.6.5" Information for data to be Superimposed (414) 
COLUMN NO: 1-4 
NOTATION: NO: number of data points 'per card for displacement 
LIMIT: 
COMMENTS: none 
COLUMN NO: 5-8 
NOTATION: NM: number of data points per card for base moment 
LIMIT: 
COMt~ENTS : none 
COLUMN NO: 9-12 
NOTATION: NCRDD: number of cards for displacement 
LIMIT: total number of calculated and superposing displacement points 
is to be less than 2001 
COMMENTS: none 
COLUMN NO: 13-16 
NOTATION: NCRDM: number of cards for base moment 
LIr~IT: total number of calculated and superposing base moment points 
is to be less than 2001 
COMMENTS: none 
2.6.6 Superposing Displacement (FRMD) 
COLUMN NO: as specified in FRMD 
NOTATION: XD(*), YD(*): abscissa and ordinate of each displacement 
data point, respectively 
LHlIT: -
COMMENTS: The data have to include a time value for each displacement 
point. 
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2.6.7 Superposing Base Moment (FRMM) 
COLUMN NO: as specified in FRMM 
NOTATION: XM(*),YM(*): abscissa and ordinate of each base moment 
data point, respectively 
LIMIT: 





3. 1 Introducti on 
In Chapter 2, an example was cited to illustrate ~nput data preparation 
procedure for a building consisting of two frames and one wall. In the 
present chapter, complete solutions for three structures are given to show 
the application of programs LARZ, PLARZ, LARZ2, LARZAK, and PLARZK. The 
examples include outputs and response histories. 
3.2 Example for LARZ and PLARZ 
Structure MF2, described in Reference ·2, was analyzed using LARZ. 
Element numbering is shown in Fig. 3.1. The output (Table 3.1) includes 
the input to the program, as read by LARZ, and the maximum calculated res-
ponses. 
Maximum rotations are for unit length of each member. To obtain total 
rotation at a joint, the maximum rotations given in the output must be mul-
tiplied by half of the length of each corresponding member. Ductility is 
defined as the ratio of rotation to yield rotation. 
Upon the execution of LARZ, by setting IPLOT equal to 1, the response 
histories were written on tapes. Then, program PLARZ was executed to obtain 
response plots. The input to PLARZ is given in Table 3.2. Response history 
plots are presented in Fig. 3.3. These plots were reduced by 25% to fit 
in this report. 
3.3 Example for LARZ2 
Program LARZ2 was used to analyze structure FWl (Reference 2) for a 
series of linear triangular lateral loads at different levels. The loads 
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were cons i dered in four increments. Arbi trary val ues were chosen for fl exura 1 
properties. Element numbering is presented in Fig. 3.2. 
In the output (Table 3.3), first the input data are given, then the 
load increments for each loading and the resulting displacements follow. 
Before each load increment, cracked and yielded members. are 1 isted. Repeti-
tion of an element number indicates that the element is cracked/yielded at 
both ends. If an element is yielded, it is not listed in cracked element 
group, even though it is also cracked. Member end forces are printed 
following the yielded element list. 
3.4 Example for LARZAK 
Table 3.4 shows an example input to program LARZAK. The input is for 
Q-Model analysis of structure FW3 (Reference 2). The equivalent structure 
was analyzed for six seconds of base acceleration records (173 cards). How-
ever, not all the data are shown in Table 3.4. The output (Table 3.5) in-
cludes the input data as well as the maximum calculated responses. 
The response histories were plotted using program PLARZK. The input 
to this program is given in Table 3.6. A series of data to be superposed 
on the calculated results are included in the input. Response plots are 
presented in Fig. 3.4. In this figure, the broken curves represent the 
superposed data. Some of the nabels in the figure have been displaced. 
The figure is a 15% reduced copy of the original plot. 
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TABLE 2.1 PROPERTIES OF ILLUSTRATIVE 
EXAMPLE STRUCTURE (Fig. 2.1) 
1 2 3 4 
20. 50. 50. 70. 
2. FLEXURAL ELEMENT TYPES 
TYPE 1 (Columns) 2 (Be"ams) 
ERTI (r~4) 0.011 0.021 
CRM (kN-M) o. 11 o. 17 
YIM ( kN-M) 1 .5 1 .2 
ULM ( kN-m) 1 .9 1 .5 
VIC (11M) 0.003 0.002 
ULC (11M) 0.05 0.04 










-Effect of axial force on moment-curvature relation is not covered. 
3. ELEMENT DIMENSION TYPES (Dimensions in M) 
TYPE 1 (Co 1 umn) 2(Co1umn) 3(Beam) 4(Beam) 5(Wa11) 6(Wa11) 
TYPT 3.5 5.0 6.0 4.0 3.50 5.0 
TYPL 0.37 0.37 0.30 0.30 0.0 0.0 
TYPR 0.37 0.0 0.30 0.30 0.0 0.0 
-1 
TABLE 2.2 EXAMPLE INPUT TO LARZ 
~ 
ILLUS'lRA'IIVE EXAMPLE 2 KN H SEC. 3 :£lhli .. OOOU. ~.e10 O.Oui .ou2 5 4 0 6 1 25 10 6 ~ 5 30 22 6 1 1 3 4 5 
" 
2 J 5 b 6 
25.0 1 2 ~ 20.0 5u.0 " 5U.0 70.0 2" 4 6 40.0 I 2 
u.011 .11 1.5 1.9 .OU) u.05 3 4 0.0 ii.v 0.0 1 0.021 .n 1.2 1.5 .u02 C,.04 2 U.O 0.0 0.0 3 J 0.6"15 1.2 6.5 i.2 .001 0.01 4 5 c.o u.o 0.0 :; .:; 3.5 u.37 0.37 ci 9 10 5.0 V.37 0.0 11 3 4 6.0 O.3U 0.3(, 12 I) 14 4.1i iI.30 u.30 15 1 5 3.5 G.O 0.11 16 
5.0 0.0 O.Ci li N I 1 1 J 18 0'\ 1 1 3 7 1 
1 1 "7 11 1 1 1 11 15 2 3 1 15 H 
1 1 "I 4 
1 1 1 8 :; 
1 1 1 b 12 4 6-1 1 1 1:;: 16 4 2 1 1 16 2u 1 4. 1 1 1 5 ~ 2 1 1 1 9 13 3 
1 1 1 13 17 
" 2 1 1 11 21 15.(; 15.5 12.0 0.5 5.CJ 5.0 1 1 1 6 10 
" 
1:£ 15 19 4 lCJ 1 1 1 10 14 1 4 1 1 1 14 16 1 ~ 5 0 !; lu 19 20 2 1 1 Ii) 22 5 6 7 e :7 10 11 12 13 14 19 20 21 3 2 2 1 2 j b 51 Iii 11 12 13 14 15 16 Ii 18 2u 21 2. 23 3 2 2 3 4 2.; 25 20 
4 2 4 5 11 12 15 Ib 3 2 5 6 13 11; 1 i ... ., 21 22 23 24 25 2':' 
:< d 
.5 
2 2 d 9 
J 2 2 9 lU 
3 2 2 11 12 " 
4 2 2 12 13 
2 2 13 14 
2 15 16 
2 17 Iii 
TABLE 2.2 ( CONTD) EXAMPLE INPUT-TO LARZ 
ISINULATED ELCEMTRO 1940 NS 
20- 6 0 1 -9.81 .0010 2.5 
(6(1"6.3,1"7.4) ,21) 
0.000 .0016 .020 .0149 .028 .0059 .036 - .0170 ,.068 .008S .104 .0104 
.10S .0022 .152 .0186 .156 .0114 .164 .0153 .172 .0078 .180 .0180 
.292 -.0051 .296 .0060 .308 .0013 .32S .0487 .332 .0425 - .336 .0237 
.348 .0315 .352 .0096 .380 -.0068 .392 -.0462 .408 -.0305 .412 -~0128 
'.420 -.0552 .432 -.0376 .436 -.0521 .456 -.0420 .464 -.0238 .468 -.0442 
.488 -.0626 .496 -:.0424 .504 -.0519 .512- -.0078 .516 -.0086 .520 -.0231 
.528 -.0047 .532 .0163 .540 .0140 .55~ .0691 .580 .1467 .584 .1201 
.596 .0789. .600 .0157 - .604 .0039 .612 -.0079 .616 -.0329 .624 -.1086 
.636 -.1305 .640 -.1119 .644 -.0819 _ .664 -.0512 .668 -.0605 .672 -.0514 
.676 -.0263 .680 -.0285 .688 -.0553 - .696 -.0252 .700 -.0291 .704 -.0456 
.708 -.0402 .716 - • .0070 .720 -.0030 .724 .0184 .744 .1997 .752 .2321 
.760 ,3389 .764 .3412 .76'8 .2829 .772 .2520 .780 .3499 .784 .3220 
.788 .2617 .792 .2463 .796 .2507 .804 .1936 .808 .1865 .812 .2182 
.820 .2211 .824 .19"46 .828 .1323 .832 .0998 .836 .0922 .844 .0456 
.8U .0384 .864 -.0526 .868 -.1033 .872 -.1240 .880 -.1131 .888 -.UtI 
.892 -.3079 .896 -.3216 .908 -.4031 .916 -.4027 .920 -.3671 .924 -.2620 
.928 ':'.1762 .936 -.2008 .940 -.1372 .944 -.0494 .948 .0132 .952 .Oll4 
.956 .0926 ~960 .1725 .964 .2280 .976 .3031 .984 .2831 .992 .3488 N 
.996 .3110 1.000 .2304 1.004 .1648 1.012 .1011 1.016 .0265 1.020 -.0245 ........, 
1.028 -.0360 1.032 -.0844 1.036 -.1731 1.040 -.2398 1.048 -.3180 1.052 -.3108 
TABLE 3.1 EXAMPLE OUTPUT FROM LARZ 
PRO G It A N L A It J 
JIO.LllIEAJl AJlALTSIS or UIlI70RCED COIICRETE PRAItE 
SftOCTOUS SOBJBCftD TO BAlmJOOAU MO'fIOIIIS 
DlVELOPItD, ~R GllABT PFIl-78-16318 
FJIOII IlATIOIIAL SCn:.C! roownATIOM, 
AT THE ONIWRSI'l'Y or ILLINOIS AT ORBAltA-CBAltPAIGB, 
BY N. SAIIDI 
IIOVBJIBltR 1918 
PROBLEM TITLE 
.. F2 RUM 1 
LAJlI I.POT 
011 ITS XII " SEC. 
IlUMBER OF DEGREES OF PUEDOM 
1IUImER OP rRAKES 
10 







"MASS DANPI.c COEPrICIENT 
STIPr.ESS DAMPING COEPPICIEWT 
DEGRE! OF PREEDOM WEIGHT 
1 • 2216E+01 
2 .2276£+01 
3 • 2276E+01 
4 .2276E+Ol 




9 • 2216l'!+O1 

















eel P-~P ~\-'~ 
u .,....' UJ (1) p~ <\ rJ \:t c-r ro 0 ..... tS1 
rl (}l G~ 
... U1 \--" t,?j 
\--,,0 P CD 
H c-r' co \-~ ~t4~~(I) ~ • r) I-! 
\--" 0 \--" (J) 
P rtJ\:",jP >;j 
o ~ (J-). () 
~ r-I \--,. (\) 
U1 \-...I \.-1 tj 
r--' P-' (;; t;j 
(j) \--" \-', fU 0 
I-' P ';::i ',J 0 Q)o(JqH.~ 
o .,.....' (1" ~ ((1 ~ 
~ 
TABLE 3.1 (CONTO) EXAMPLE OUTPUT FROM LARZ 
LAJlJ IJIPQT 
tMI'l'S t D. " SIC. 
'!'TPICAL KLIDlDI!' DlJUIIISIClaS 
ZLmU!:Irt'S !'O'fAL I.Zn (TOP) an 
1 ,305OZ+(IO • 25501-(J1 
2 .• 22'OZ+(I0 .1toOI-(J1 
3 • 2790Z+(I0 .1toOI-(J1 
4 .5080Z+(I0 • 1900Z-(Jl 
5 .27901+(10 • 1 teO I-(J 1 
ftPICAL KLftIUtII'f STItIDIG!'B 
ZLBIlDt' JIUID'r or CltACDIIG YIBLD 
l1IEIt1'IA IIOREII't -.ar 
PAGI 










1 • 17371-(J6 .2740B-01 .818'1-01 .10271+(10 .'5001-01 .7160E+(I0 
2 .1731£-06 .2740B-01 .11911+00 .1396!+(I0 .91001-01 .6130!+00 
3 .42001-0' .6060B-01 .1362£+00 .16041+00 .5800B-Ol .67201+00 
4 • 42001-(J6 .87001-01 .32081+00 .34881+00 .7100B-01 .44001+00 
5 .42001-06 .7860B-01 .17921+00 .20261+00 .6300E-01 .58001+(10 
PAGE 
LIdJ IJIPQT 
tJIII'l'S: D " SIC. 
IIYS1'IRES IS 'tYPE t 
'tADM-SOSEJI 
PRAIm DATA 
FRAluf JIO. or DBCR.BES 110. OF 110. OF JIIO. or 
IItJRBIR or FRBImOIl ILEMIBTS JOIns SUPPOR'l'S 
10 6B 43' 
ILIUImI'1' DATA 
JlUlJlBZR IWCIDUCES DIIIBIISIOIl PLEXURAL TYPE DltGRBB or ruBDOlt 
un RIGB't 'inz un RIGHT un RIGIft 
('l'OP) (BO'!'. ) ('l'OP) (BO'!'. ) ('l'OP) , (80'1'. ) 
1 1 5 5 3 3 1 2 
2 5 9 2 3· 3 2 3 
3 9 13 2 3 3 3 4 
4 13 17 2 3 3 4 5 
5 17 21 2 5 5 5 6 
6 21 25 2 5 5 6 7 
7 25 29 2 5 5 7 8 
8 29 13 2 5 5 8 9 
9 33 37 2 4 4 9 10 
10 37 40 3 4 4 10 0 
11 2. 6 5 3 3 1 2 
12 6 10 2 3 3 2 3 
13 10 14 2 3 3 3 4 
14 14 18 2 3 3 4 5 
15 18 22 2 5 5 5 6 
16 22 26 2 5 5 6 7 
17 26 30 2 5 5 7 8 
11 30 34 2 5 5 8 9 
19 34 38 2 5 5 9 10 
20 38 41 3 4 4 10 0 
N 
~ 
TABLE 3.1 (CONTO) EXAMPLE OUTPUT FROM LARZ 
PAGE PAGE 
LARJ IllPUt' IARI INPUT 
. O1II~ I Dr M SEC. OMITS o M SEC. 
KLIXE'II'r DATA ELEMEIIT DATA 
JUtllBD IiIC I.DIla:ES DIMBJISIOR FLEXURAL TYPE DEGREE OF FREEOOI'I MEMBER INCIDENCES DIMENSION FLEXURAL TYPE OBGREE or FREEDOM 
LEFT RIGHT 'fYH L8f'T RIGM' LEFT RIGB'l' LEFT RIGHT TYPE LEFT RIGHT . LEFT RIGHT 
('!'OP) . (1IO'f.) ('fOP) (BO'l'. ) (TOP) (BO'l'. ) ('!'OP) (BO'l'. ) (TOP) (BO'l'. ) ('!'OP) (DO'!'. ) 
el 3 7 5 3 3 1 2 61 29 30 1 2 2 8 8 
22 7 11 2 3 3 2 3 62 30 31 1 2 2 8 8 
23 11 15 2 3 3 3 4 63 31 32 1 2 2 8 8 
24 15 19 2 3 3 4 5 64 33 34 1 2 2 9 9 
25 19 23 2 5 5 5 6 65. 34 35 1 2 2 9 9 
H ··23 27 2 5 5 6 7 66 35 36 1 2 2 9 9 
27 27 31 2 5 5 7 8 67 37 38 1 2 2 10 10 
28 jl 35 2 5 5 8 9 68 38 39 1 ~ 2 10 10 
29 35 39 2 5 5 9 10 ~. 30 3!J 42 3 4 4 10 0 
31 4 8 5 3 3 1 2 PAGE W 
32 8 12 2 3 3 2 3 0 
33 12 16 2 3 3 3 4 LARJ DlPOT 
34 16 20 2 3 3 4 5 
35 20 24 2 5 5 5 6 tJIIITS Dr PI SEC. 
.36 24 28 2 5 5 6 --7 
37 28 .32 2 5 5 7 8 
38 32 36 2 5 5 8 9 
39 36 43 4 4 4 9 0 
40 1 2 1 1 1 1 1 
U 2 3 1 1 1 1 1 
42 .3 4 1 1 1 1 1 
43 5 6 1 1 1 2 2 
44 6 7 1 1 1 2 2 EARTHOOAXE DATA 
45 7 8 1 1 1 2 2 
46 9 10 1 1 1 3 3 
47 10 11 1 1 1 3 3 BASE MOTION SIMULATED ELCBNTRO 1940 liS RUM 
48 11 12 1 1 1 3 3 
49 13 14 1 2 2 4 4 
50 14 15" 1. 2 2 4 4 NUMBER OF CARDS U4 
51 15 16 1 2 2 4 4 NmlBER OF DATA POINTs PER CARD • 52 17 18 1 2 2 5 5 TIME INTERVAL FOR COMPUTATION .1001.t42 
53 18 19 1 2 2 5 5 SCALE FACTOR FOR BASE ACCELERATIOR -.,.U..n 
54 19 20 1 2 2 5 5 SCAL!'! FACTOR FOR TIME ; 10011+01 
55 21 22 1 2 2 6 6 581FT or '1'I"E AXIS O. 
56 22 23 1 2 2 6 6 FORMAT. 
57 23 24 1 2 2 6 6 (6 (F6.3,F7.4) ,2X) 
58 25 26 1 2 2 7 7 
59 26 27 1 2 2 7 7 
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TABLE 3.2 EXAMPLE INPUT TO PLARZ 
.005 ·.2500 
10 75 19 10 75 19" 10 75 19 
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 




~ R 0 G RAM L A R Z 2 
MOIIILINEAR AJlALYSIS OF REIMFORCKD CONCRETE FRAME 
STROCTOR.ES SUBJECTED 'l'O STATIC LATERAL LOAD 
DEVELOPED, UNDER GRAtn' PFR-78-16318, 
FROM ~TIONAL SCIENCE F~TION, 
AT THE UNIVERSITY OF ILLIIIOIS AT URBAHA-CBAMPAIGN, 
BY K. SAIIDI 
FEBRUARY 1979 
PROBLEM TITLE 
FW1 TRIANGULAR STATIC LOADING 
EXAMPLE OUTPUT FROM LARZ2 
LARZ2 INPUT 
milTS IQI It 
NUMBER OF DEGREES OF FREEDOM 
HUMBER OF FRAMES 
MODULUS OF ELASTICITY' OF CONCRETE 
GRAVITY ACCELERATION 
H'OJIIBER OF LOAD INCREMENTS 







































"TABLE 3.3 (CONTD) EXAMPLE OUTPUT FROM LARZ2 
PAGE PAGE 
LAlli 2 INPUT LARZ2 INPUT 
UHITS D M UHITS 
IQi " 
TYPICAl. ELENEII'.I.' DIMElISIORS 
ELBJlDTS 'f'OTAL LEFT (TOP) £liD RIGHT (BO'I'TOff) £liD 
1 .3050£+00 .2550E-Ol .2550£-01 
FRAME DATA 
2 .2290£+00 .1900£-01 .1900£-01 
3 .2290£+00 • 1900£-01 O • FRAME NO. OF DEGREES NO. OF NO. OF 110. 01' 
4 • 2290£+00 O. O • NUMBER OF FREEDOM £LEIIEMTS JOINTS SUPPORTS 
1 10 70 44 
2 10 10 11 
TYPICAL ELEJIERT SfltEllGTB 
ELEllEII'.I.' JIOIIlEJrr OF CRACItIMG YIELD OLTlMATE YIELD OLTlMATE 
llIERTIA "0IUalT MOfIEIft NOME1ft' CURV. CORV. 
W ELEMElIT DATA CJ1 
1 .3474£-06 .58008-01 .1720E+00 .1748E+00 .1000E+00 .1100E+Ol MEMBER INCIDENTS DIMENSION FLEXURAL TYPE DEGREE OF FREEDOM 
2 .3474£-06 .5800E-Ol .2520£+00 .3460E+00 .1000E+00 .1100E+Ol 
3 .8400E-06 .1060E+00 .2480£+00 .4040E+00 .6000E-Ol .1060£+01 
4 .8400E-06 .9400E-Ol .3400£+00 .4720£+00 .6000£-01 .1060E+Ol 
LEFT RIGBT TYPE LEFT RIGHT LEFT RIGBT 
(TOP) (BOT.) (TOP) (BOT.) (TOP) (BOT.) 
5 .8400£-06 .14WE+OO .31608+00 .5580E+00 .6000£-01 .1060E+Ol 1 1 5 2 3 3 1 2 
6 .8400E-06 .1800£+00 .3880£+00 .6280£+00 .6000£-01 .1060£+01 2 5 9 2 3 3 2 3 
7 .2649£-04 .76008+00 .4230E+Ol .4490E+Ol .1450E-Ol .1150£+00 3 9 13 2 5 5 3 .. 
8 • 2649E-04 .7600£+00 .7540E+Ol .8168£+01 .1940E-Ol .1194E+00 
9 .2649E-04 .7600E+00 .1412E+02 .1504E+02 .2690E-Ol .1269E+00 
.. 13 17 2 5 5 4 5 
5 17 21 2 5 5 5 6 
6 21 25 2 5 5 6 7 
7 25 29 2 5 5 7 8 
8 29 33 2 6 6 8 9 
9 33 37 2 6 6 9 10 
10 37 41 3 " 6 6 10 0 
11 2 6 2 4 .. 1 2 
12 6 10 2 4 4 2 3 
13 10 14 2 5 5 3 4 
14 14 18 2 5 5 4 5 
15 18 22 2 5 5 5 6 
16 22 26 2 5 5 6 7 
17 26 30 2 5 5 7 8 
18 30 34 2 6 6 8 9 
19 34 38 2 6 6 9 10 
20 38 42 3 6 6 10 0 
.1 • 
TABLE 3.3 (CONTO) EXAMPLE OUTPUT FROM LARZ2 
PAGE PAGE 
LAlU2 INPUT LARZ2 INPUT 
OMI'l'S [III M UliITS ItM M 
EIZKEJfT DP.TA ELEMENT DATA 
KEMBER INC I DElfTS DIMENSION FLEXURAL TYPE DEGREE OF FREEDOM KEMBER INCIDENTS DIMENSION FLEXURAL TYPE DEGREE OF FREEDOM 
LEP"l' RIGHT TYPE LEFT RIGHT LEFT RIGHT LEFT RIGBT TYPE LEFT RIGBT LEFT RIGBT 
(TOP) (BOT.) (TOP) (BOT.) (TOP) (BO'1'. ) (TOP) (BOT.) (TOP) (BOT.) (TOP) (BOT.) 
21 3 7 2 4 4 1 2 61 27 28 1 1 1 7 7 
22 7 11 2 4 4 2 3 62 29 30 1 1 1 8 8 
23 11 15 2 5 5 3 4 63 30 31 1 1 1 8 8 
24 15 19 2 5 5 4 5 64 31 3'2 1 1 '1 8 8 
25 19 23 2 5 5 5 6 65 33 34 1 1 1 9 9 
26 23 27 2 5 5 6 7 66 '34 35 1 1 1 9 9 
27 27 31 2 5 5 7 8 67 35 36 1 1 1 9 9 
28 31 35 2 6 6 8 9 68 37 38 1 1 1 10 10 
29 35 39 2 6 6 9 10 69 38 39 1 1 1 10 10 
30 39 43 3 6 6 10 0 70 39 40 1 1 1 10 10 W 
31 4 8 2 3 3 1 2 71 1 2 4 7 7 1 2 0'1 
32 8 12 2 3 3 2 3 72 2 3 4 7 7 2 3 
33 12 16 2 5 5 3 4 73 3 4 4 7 7 3 4 
34 16 20 2 5 5 4 5 74 4 5 4 7 7 4 5 
35 20 24 2 5 5, 5 6 75 5 6 4 7 7 5 6 
36 24 28 2 5 5 6 7 76 6 7 4 8 • 
, 7 
37 28 32 2 5 5 7 8 77 7 8 4 8 • 7 8 38 32 36 2 6 6 8 9 78 8 9 4 8 8 8 9 
39 36 40 2 6 6 9 10 79 9 10 4 9 9 9 10 
40 40 44 3 6 6 10 0 80 10 11 4 9 9 10 0 
41 1 2 1 1 1 1 1 
42 2 3 1 1 1 1 1 
43 3 4 1 1 1 1 1 
44 5 6 1 2 2 2 2 
45 6 7 1 2 2 2 2 
46 7 8 1 2 2 2 2 
47 9 10 1 2 2 3 3 
48 10 11 1 2 2 3 3 
49 11 12 1 2 2 3 3 
50 13 14 1 2 2 4 4 
51 14 15 1 2 2 4 4 
52 15 16 1 2 2 4 4 
53 17 18 1 2 2 5 5 
54 18 19 1 2 2 5 5 
55 19 20 1 2 2 5 5 
56 21 22 1 1 1 6 6 
57 22 23 1 1 1 6 6 
58 23 24 1 1 1 6 6 
59 25 26 1 1 1 7 7 
60. 26 27 1 1 1 7 7 
TABLE 3.3 (CONTO) 
PAGE 
LAD :z 0CJT1I07: 
~ITS I D • 
LOADIJI(; 1 
STA'rUI!I ot IlDmUB BuoaJI no LOAD ICAB A.PPLI ED 
CRACDD~ I 
..... 
1'IILDIlD IlaBIIlB I 
..... 
IIIRBD DO I'ORCU (L!" alan) 
1 O. O. 2 O. O. J O. 
4 O. O. 5 O. O. 6 O. 
7 O. O. 8 O. O. !I O. 
10 O. O. 11 O. O. 12 O. 
13 O. O. 14 O. O. 15 O. 
U O. O. 17 O. O. 11 O. 
lSI O. O. 20 O. O. 21 O. 
22 O. O. 2J O. O. 24 O. 
25 O. O. 26 O. O. 27 O. 
:za O. O. 2!1 O. O. 30 O. 
II O. O. 32 O. O. 33 O. 
14 O. O. 35 O. O. lCi O. 
17 O. O. 38 O. O. ]!I O. 
40 O. O. U O. O. n O. 
4J O. O. U O. O. 45 O. 
46 O. O. 47 O. O. U O. 
no. o. 50 O. O. 51 O. 
52 O. O. 53 O. O. 54 O. 
55 O. O. 56 O. O. 57 O. 
58 O. O. 59 O. O. 60 O. 
U O. O. 62 O. O. 63 O. 
6. O. O. 65 O. O. 
" O. 67 O. O. 68 O. O. 69 O. 
70 O. O. 11 O. O. 12 o. 
73 O. O. 74 O. O. 75 O. 
76 O. O. 77 O. O. 78 O. 
79 O. O. 10 O. O. 81 O. 






























LOAD I lie UREJrTS I 
llICR. D.O.r IlleR. 
• 4581:+00 .U2E+OO 
.229£+00 • 18 J!+O 0 
BASI SeA. IIICItf:IiI!IrT I 
BAS I IIIOII.Dr I IIC II.VI DT I 
TOTAL BASE saUR I 
TOTAL USI IIIOIlDT I 
DISPLACIKEIITS I 
DISP. D.O.r DISP. 
.un-OJ 2 .nOE-OJ 
• 351E-03 7 .2721-03 
0.0.1' 
D.O.r 
IKR •. D.O.r IlleR. 
• 366!+00 .3211+00 






















TABLE 3.3 (CONTO) EXAMPLE OUTPUT FROM LARZ2 
PAGE 
LUI 2 OOTPOT 
LOAD UICREltEllTS I 
0I1'l'S I D II 
D.O.P I)lCR. D.O.r IlICR •. D.O.r IlleR. D.O.r IlleR. D.O.r rMCR. 
.458£+00 2 .4128+00 .366E+00 .3211+00 5 .27511+00 
.229£+00 7 .1838+0~ • 137£+00 .920£-01 10 . •• 601-01 
LOADIIIG BASI SBltAR INCRElCEXT I .2519£+01 
BAS £ NOIIElfT IIICRl!:Jt Il1rT I .4065£+01 
Sft'ftlS or IIDBERS BUCRE '!'1m LOAD WAS APPLIED 'fO'l'AL BASE SHEAR I .50381!:+01 
'fO'l'AL BASE NOIIEMT : .81091+01 
CRACUD IIDIBEU I 
DISPLACEMI'!MTS : 
S6 58 59- 59 61 61 62 62 64 64 80 
D.O.r DISP. D.O.r DISP. D.O.r DISP. ! D.O.r DISP. D.O.r DISP. 
YULDlD JIUB!.RS I 
.144£-02 .137£-02 .1271-02 .115£-02 5 .100£-02 
.8221:-03 • 61SE-03 .4068-03 .2121-03 10 .6481-04 
QIlBER DD rORCES (LI!" RI~TI W CO 
1 -.35361-02 .50921-02 :2 .29101-02 .93508-02 3 • 1400E-02 .9679E-02 
4 .31651-02 .104U-01 5 .45551-02 .1042£-01 6 .6243£-02 .9725£-02 
7 .78031-02 .74481-02 8 .9733£-02 .38351-02 9 .1062£-01 -.72881-02 
10 .81741-02 -.2371£-01 11 -.1864£-01 -.83888-02 12 -.1026£-01 -.5198£-02 
13 -.16291-01 -.90501-02 14 -.1818£-01 -.11861-01 15 -.2005£-01 -.14968-01 
16 -.20801-01 -.1780E-Ol 17 -.2034£-01 -.20688-01 18 -.1745E-01 -.2265E-01 
19 - .12601-01 -.28711-01 20 -.2787E-02 -.2985!-01 21 -.1864£-01 -.8388!-02 
22 -.10261-01 -.519SE-02 23 -.1629!-01 -.9050£-02 24 -.18181-01 -.1186£-01 
25 -.20051-01 -.149U-01 26 -.20801-01 -.17808-01 27 -.2034£-01 -.2068!-01 
28 -.17451-01 -.22651-01 29 -.1260£-01 -.2871£-01 30 -.27878-02 -.29858-01 
31 -.35361-02 .50921-02 32 .2910£-02 .93508-02 33 .14001-02 .96791-02 
34 .31651-02 .104U-01 35 .4555Z-02 .10421-01 36 .6243E-02 .9725£-02 
37 .78031-02 .74481-02 38 .97331-02 .3835£-02 39 .1062£-01 -.7288£-02 
40 .81741-02 -.2371£-01 41 .l961E-01 .18121-01 42 • 1619!-01 .16191-01 
43 .18121-01 .19611-01 44 .2993E-Ol .28951-01 45 .27671-01 .2767!-01 
46 .28951-01 .2993E-Ol 47 .36591-01 .3518£-01 48 .3334£-01 .3334£-01 
U .35181-01 .36591-01 50 .4544£-01 .4371£-01 51 .4145£-01 .4145£-01 
52 .437111-01 .45441-01 53 .53221-01 .5118£-01 54 .4853£-01 .48538-01 
55 .511SE-01 .53221-01 56 .58271-01 .5719£-01 57 .5422£-01 .5422£-01 
58 .57191-01 .58271-01 59 .589U-01 .585lE-01 60 .57588-01 .5758£-01 
61 .585111'"01 .5896£-01 62 .58891-01 .5844£-01 63 .57208-01 .5720£-01 
64 .58441-01 .5889£-01 65 .56471-01 .5426£-01 6' .5138£-01 .5138£-01 
67 .54261-01 .56471-01 68 .3713E-Ol .3548E-01 6' .3333!-01 .3333£-01 
70 .35481-01 .37131-01 71 -.22471-12 .11)1 8+00 72 -.llll!+OO .1196£+00 
7l -.119U+00 .1202E+00 H -.12021+00 .1026hOO H -.1026[+00 .7417£-01 
" -.74171-01 .301U-01 77 -.3014£-01 -.373411-01 78 .3734£-01 -.1544£+00 
79 .15441+00 -.3367£+00 80 .3367£+00 -.7607£+00 81 -.7016£-04 .1010£-03 
l' 
TABLE 3.3 (CONTO) EXAMPLE OUTPUT FROM LARZ2 
PAGE 9 
LUI 2 007PO'r LOAD IHCREKEHTS : 
URITS I D II 0.0.1' INCR. D.O.F INCR. D.O.F INCR. D.O.F I.c:R. D.O.F INCR. 
• 458!!+00 2 • 412E+00 .366!+OO .321!+00 5 .275B+00 
.229E+00 7 • 183E+OO .137£+00 .920E-Ol 10 .460E-Ol 
BAS! SHEAR IMCREKEM'l' : .25191+01 
LOADIIIG 3, BAS 1 MOIIEIIT INCREKEN'l' : .41071+01 
'fOTAL BAS8 SHEAR : .7557£+01 
STATUS OF MBllBERS BEFORE THE LOAD WAS APPLIED 'fOTAL BASB MOMENT I .1222£+02 
CJtACUD IlDIBImS : DISPLACEMERTS : 
,44 U 46 46 47, 47 48 48 49 49 50 50 51 51 D.O.F DISP. D.O.F DISP. D.O.F DISP. D.o.r DISP. D.O.F DISP. 
52 52 53 53 54 54 55 55 56 56 57 57 58 58 
59 59 60 60 61 61 62 62 63 63 64 64 65 65 1 .309£-02 .2938-02 • 271B-02 .244£-02 5 .210B-02 
66 '66 67 67 68 68 69 69 70 70 80 6 .l70!-02 .127E-02 .8231-03 ,.424£-03 10 .126!-03 




MEMBn DID FORCES (LEF'! RIGHT) 
1 -.7248E-02 .108lE-01 2 .5795E-02 • 1950E-Ol 3 .3146E-02 • 2325E-in 
4 .4253£-02 .2003£-01 5 .14438-01 • 4771E-Ol 6 .4650E-Ol .5628E-01 
7 .54038-01 .55728-01 8 .52138-01 • 1415!-01 9 .2022£-01 -.1814£-01 
10 .20428-01 -.4840£-01 11 -.3838£-01 -.n12£-01 12 -.21348-01 -.10228-01' 
13 -.34428-01 -.17788-01 14 -.40198-01 -.2357E-01 15 -.U81E-01 -.2U2£-01 
16 -.33871-01 -.1755£-01 17 -.1640£-01 -.1862!-01 18 -.1675£-01 -.46608-01 
19 -.2718£-01,-.63378-01 20 -.39501-02 -.6204£-01 21 -.38388-01 -.17128-01 
,22 -.21348-01 -.10228-01 23 -.34428-01 -.1778£-01 24 -.4019E-01 -.23578-01 
25 -.448lE-01 -.24428-01 26 -.3387E-Ol -.17558-01 27 -.1640£-01 -.18628-01 
28 -.16758-01 -.46608~01 29 -.27188-01 -.63371-01 30 -.39508-02 -.6204£-01 
31 -.7248£-02 .10818-01 32 .5795E-02 .19508-01 33 .3146E-02 .2325!-01 
34 .42538-02 .20031-01 35 .14431-01 .47711-01 36 .4650E-01 • 5628E-01 
37 .5403E-01 • 5572E-01 38 .52138-01 .1415£-01 39 .2022E-01 -.1814E-01 
40 .2042£-01 -.40408-01 41 .40388-01 .37338-01 42 .33368-01 • 33'36E-01 
43 .37338-01 .40388-01 44 .59208-01 .5857£-01 45 .5717E-01 .5717£-01 
46 .58578-01 .5920£-01 47 .63608-01 .6272£-01 48 .6157E-01 .6157£-01 
49 .6272E-01 .63608-01 50 .7009E-01 .6888E-01 51 .6730E-01 .67308-01 
52 .68888-01 .70098-01 53, .75628-01 .74498-01 54 .73028-01 .7302E-01 
55 .7U9E-Ol .7562£-01 56 .80708-01, .6694E-Ol 57 .71268-01 .71268-01 
58 .66948-01 .80708-01 59 .77668-01 .7538E-Ol 60 .7464E-01' .74648-01 
61 .7538£-01 .77668-01 62 .77868-01 .75088-01 63 .7418E-01 .74188-01 
64 .7508£-01 .7786E-01 65 .6985E-Ol .6904E-Ol 66 .6800E-01 .6800E-Ol 
67 .69048-01 .6985E-Ol 68 .620711-01 .61398-01 69 .6051E-Ol .6051E-01 
70 .6139E-Ol .62078-01 71 -.4894E-12 .2379£+00 72 -.2379£+00 .2652E+00 
73 -.2652E+00 .2861B+00 74 -.286l!+00 .3159E+00 75 -.3159E+00 .2734E+00 
76 -.2734E+00 .9327£-01 77 -.9327E-Ol -.1951E+00 78 .1951E+00 -.4573E+00 
79 .45738+00 -.7420£+00 80 .7420E+00 -.1590E+Ol 81 -.1438E-03 .21458-03 
TABLE 3.3 (CONTD). EXAMPLE OUTPUT FROM LARZ2 
PAG£ 10 
LARZ 2 OOTFtn 
OMITS III .. LoAD IHCREM£1tTS : 
D.O.F UICR. D.O.F INCR. D.O.F INCR. D.O.F IlleR. D.O.F INCR. 
.458£+00 .412E+00 3 .366£+00 .321E+00 5 .275E+00 
.229£+00 .183E+00 8 ~137£+00 .920E-01 10 .460E-01 
WADI II(; BAS£ SHBAR INCREMENT : .2519£+01 
BAS£ MOM£n' INCREMENT .4151£+01· 
STATUS OF ItBKBJl!RS BEFORE 'fBE LOAD WAS APPLI£D TOTAL BAS£ SHEAR : .1008£+02 
TOTAL BAS£ MOMENT 
.16378+02 
CIlACUD NEMBBRS 
6 36 41 41 42 42 43 43 44 44 45 45 46 46 DISPLACEMENTS : 
47 47 48 48 49 49 50 50 51 51 52 52 53 53 
54 54 55 55 56 56 57 57 58 58 59 59 60 60 D.O.F DISP. D.O.F DISP. D.O.F DISP. D.O.F DISP. D.O.F DISP. 
61 61 62 62 63 63 64 64 65 65 66 66 67 67 
68 68 69 69 70 70 78 79 79 80 80 1 .4948-02 .463E-02 .425£-02 . 4 .379E-02 5 .324E-02 6 .2628-02 .193E-02 .1258-02 9 .639£-03 10 .181£-03 
YIELDED ItRIm~RS I 
.J:::>. 
ltEKB£lt DO FORCBS (LEFT RIGHT) 0 
1 -.1320B-Ol .4383E-Ol 2 .4489£-01 .7527E-Ol 3 .3842£-01 .8617£-01 
4 .5519£-01 .9129£-01 5 .7722£-01 • 1352E+00 6 .1311£+00 .1444£+00 
7 .14248+00 .1346£+00 8 .1408B+00 .7428£-01 9 .9730£-01 .3616£-02 
10 .6393!-01 -.8017B-01 11 -.8089£-01 -.2647£-01 12 -.1570£-01 .2477£-01 
13 -.1027B-01 .2879£-01 14 -.1362£-01 .2235B-01 15 -.3950£-02 .4468£-01 
16 .3516E-01 .5499£-01 17 .5391B-Ol .4280£-01 18 .5621B-Ol -.1506£-02 
19 .374 7£-01 -. 5272B-Ol 20 .3417£-01 -.9682£-01 21 -.80898-01 -.2647£-01 
22 -.1570£-01 .2477£-01 23 -.1027£-01 .2879£-01 24 - .13628":01 .2235£-01 
25 -.3950B-02 .4468£-01 26 .3516B-01 .54998-01 27 .5391£-01 .4280£-01 
28 .5621£-01 -.1506B-02 29 .3747£-01 -.5272£-01 30 .3417£-01 -.96828-01 
31 -.1320£-01 .4383£-01 32 .4489£-01 .7527£-01 33 .3842£-01 .8617£-01 
34 .5519£-01 .9129£-01 35 .77228-01 • 1352E+00 36 .1311£+00 .1444£+00 
37 .1424£+00 .1346£+00 38 .1408£+00 .7428£-01 39 .9730£-01 .3616£-02 
40 .6393£-01 -.8017£-01 U .6303B-Ol .6200£-01 42 .6067£-01 .6067£-01 
43 .6200£-01 .6303£-01 44 .8651£-01 .8287£-01 45 .8117£-01 .8111£-01 
46 .8287E-Ol .8651£-01 47 .9781E-Ol .9596£-01 48 .9510£-01 .9510£-01 
49 .9596£-01 .9781£-01 50 .1135£+00 .1101E+00 51 .10858+00 .1085£+00 
52· .1101£+00 .1135£+00 53 .1259£+00 .1225£+00 54 .12098+00 .12098+00 
55 .1225£+00 .1259£+00 56 .1107£+00 .1071£+00 57 .1059£+00 .10598+00 
58 .10718+00 .11078+00 59 .1139£+00 .1110£+00 60 .11008+00 .1100E+00 
61 .11108+00 .1139E+00 62 • 1122E+00 .1088£+00 63 .1077£+00 .1017£+00 
64 .1088£+00 .11228+00 65 .9876£-01 .9651E-Ol 66 .9578£-01 .9578£-01 
67 .9651£-01 .9876£-01 68 .7950£-01 .7769£-01 69 .7710£-01 .7710£-01 
70 .77698-01 .7950£-01 71 -.3215£-12 .58698+00 72 -.58698+00 .61008+00 
73 -.61008+00 .6109£+00 74 -.6109£+00 .6245£+00 75 -.62458;+00 .47248+00 
76 -.47248+00 .7443£-01 77 -.7443£-01 -.4436£+00 78 .44368+00 -.93308+00 
79 .1000B+Ol -.1613£+01 80 .16138+01 -.2987£+01 81 -.26208-03 .86968-03 
TABLE 3.4 EXAMPLE INPUT TO LARZAK 
SOOF MOOI!L nn 11.011 1 
D II SEC. 
9.81 0.950 3.360 1.630 .4 1.321 
21.500 29.900 .00690 .0280 
S IIIOLA'I'ED TAn' .21£ 11.011 1 
17j , 0 1 -13.42 .012 1.0 
(6 (F6.3,".4) ,n) 
0.000 -.0011 .008 .0016 .012 -.0102 .024 .0008 .032 -.0047 .040 .0091 
.048 -.0092 .056 .0014 .064 -.0092 .072 .0076 .080 -.0062 .092 .0066 
.096 -.0063 .108 .0030 .112 -.0055 .124 .0088 .128 -.0005 .140 .0084 
.14S -.0038 .156 .0069 .164 -.0036 .172 .0090 .180 -.0086 .188 .0091 
.196 -.0079 .208 .0012 .216 -.0048 .224 .0067 .232 -.0083 .236 .0065 
.240 .0057 .244 -.0073 .256 .0056 .260 -.0072 .272 .0082 .280 -.0099 
.288 .0088 .296 -.0081 .304 .0054 .332 -.0004 .336 .0110 .340 .0099 
.344 -.0043 .348 -.0063 .356 .0076 .360 -.0058 .392 .0016 .396 -.0109 
.404 .011"6 .412 -.0092 .420 .0086 .428 -.0048 .440 .0014 .444 -.0119 
.456 .0075 .464 -.0071 .468 .0036 .472 .0032 .476 -.0126 .480 -.0120 
.488 .0037 .516 -.0025 .520 .00" .528 -.0063 .536 .0097 .552 .0053 ..J:::-
.556 .0161 .576 .0172 .584 .0276 .588 .0207 .592 .0024 .604 .0075 ~ 
.612 -.0160 .616 -.0018 .620 -.0030 .628 -.0524 .632' -.0587 .636 -.0446 
.640 -.0422 .644 -.0620 .652 -.0468 .668 .0235 .672 .0259 .676 .0110 
.680 .0134 .688 .0427 .696 .0213 .704 .0285 .712 .0076 .716 .0238 
.736 .0284 .744 -.0040 .756 .0043 .760 -.0144 .764 -.0073 .772 ,0202 
.784 -.0050 .788 .0031 .796 .-.0018 .804 .0134 .812 -.0087 .820 .0051 
.828 -.0084 .840 .0169 .848 .0058 .852 .0094 .860 -.0100 .868 .0096 
.876 -.0058 .888 .0086 .892 -.0069 .900 -.0110 .904 -.0028 .912 -.0384 
.924 -.0334 .932 .0014 .940 -.0174 .944 -.0147 .948 .0071 .952 .0173 
.972 .0141 .976 -.0011 .984 .0170 .996 -.0042 1. 004 .0116 1.008 .0102 
1.012 .0298 1.016 .0653 1. 020 .0709 1.028 -.0063 1.032 -.0090 1.036 .0024 
1.052 -.0346 1.056 -.0510 1.060 -.0518 1.072 .0014 1.080 -.0186 1.088 -.0152 
1. 092 -.0206 1.104 .0290 1.112 -.0113 1.116 -.0199 1.120 -.0173 1.132 .0221 
1.136 .0071 1.140 -.0291 1.144 -.0460 1.156 .0076' 1.176 -.0093 1.180 .0084 
1.188 .0107 1.192 -.0020 1.208 .0045 1. 212 .0324 1. 216 .0703 1.220 .0852 
1.224 .0675 1.228 .0839 1. 232 .1149 1.236 .1193 1.248 .0290 1.252 .0094 
1.260 -.0466 1.264 -.0476 1.268 -.0642 1.272 -.1004 1.276 -.1219 1.280 -.1050 
1.288 -.0330 1.296 .0033 1. 300 .0066 1.304 -.0018 1.308 -.0300 1.312 -.0393 
1.324 .0053 1. 328 .0062 1.332 -.0052 1.340 -.0667 1.344 -.0587 1.348 -.0348 
1.352 -.0209 1.356 -.0228 1.364 -.0447 1.368 -.0403 1.376 -.0063 1.384 .0433 
1.392 .0362 1.396 .0517 1.404 .0418 1.408 .0271 1.416 .0317 1.428 -.0170 
1.436 .0143 1.452 -.0516 1.456 -.0476 1.464 .0308 1.468 .0343 1.476 -.0070 
1.480 .0011 1.496 .0981 1.500 .0908 1. 504 .0648 1.508 .0559 1.512 .0746 
1.524 .0892 1. 528 .1120 1.532 .1107 1. 540 .0256 1.544 .0190 1.552 .0691 
1.556 .0511 1.564 -.0294 1.568 -.0436 1.580 -.0247 1.588 -.0463 1.604 .0308 
1.612 .0873 1.616 .0901 1.620 .0694 1. 624 .0601 1. 628 .0785 1.644 .0592 
TABLE 3.5 EXAMPLE OUTPUT FROM LARZAK 
P it 0 G R. A M L A R Z A It 
S IlIGLE-DEGREE-QF-F REJroOtI-MOOI!! L FOR 
JIOlIlLINEAR ANALYSIS OF RlntFORCED CONCRETE FRAME 
STRUCTURES SUBJECno TO EARTBOOAItE MOTIONS 
DEVELOPED, ORDER GRANT PFR-78-16318, 
FROM IlATIc.AL SCllnlCE rOOtftlATIOtI, 
1.'1' 'l'UE UlHVERSI'l'Y OF ILLINOIS AT URBANA-CBAKPAIGN" 
BY M. SAIlDI 
DECEMBER 1978 
PROBLEM TITLE 
SOOF' MODEL FW3 RUN 1 
LARZAIt INPUT 











, YIELD ULTIMATE YIELD ULTIMATE 
.2150E+02 .2990E+02 .6900E-02 .2800E-Ol, 
EARTBOUAItE DATA 
BASE MOTION SIMVLATED TAFT N21E RUN 
NUMBER OF CARDS 
NUMBER OF DATA POINTS PER CARD 
TIME INTERVAL FOR COMPQTATION 
SCALE FACTOR FOR BASE ACCELERATION 
SCALE FACTOR FOR TIME 
ShIFT OF TIME AXIS 
FORMAT 










TABLE 3.5 (CONTO) EXAMPLE OUTPUT FROM LARZAK 
PAGE 
LARlAI OUTPUT 
milTS: D If SEC. 
ItAXIIfUlt DISPLACDUDIT .2749£-01 
IlAXIHUIt ACC£LERATIOli -.50548+00 
ItAXIKtlM BASE OVERTUUIlIG IIOItEft .2708E+02 





TABLE 3.6 EXAMPLE INPUT TO PLARZK 
6. • 3 10. 10. .731 1000 • 1.000 
1 66 20 66 26 66 22 
(6(F6.3,F7.3) ,21) 
(6 (F6.3,F7.3) ,21) 
6 6 59 53 
0.000 -.117 .028 .128 .032 -.122 .040 .218 .044 -.111 .052 .388 
.068 '-.109 .076 .220 .124 -.-081 .140 .057 .168 ~.073 .172 .205 
.180. -.210 .188 .024 .208 -.103 .212 .142 .216 -.189 .220 -.072 
.224 .381 .236 '-.054 .240 .261 .260 -.043 .264 .210 .312 -.143 
.316 .128 .368 -.081 .372 .072 .384 -.182 .392 .222 .404 -.090 
.412 .267 .428 .000 .528 .158 .532 -.277 .552 .093 .556 -.132 
.564 -.059 .568 -.350 .624 .608 .628 .253 .636 .716 .640 .421 
.656 .699 .664 .268 _.776 -.266 .780 .221 .800 .046 .804 .616 
.812 - .489 .816 .893 .88( 1.143 .818 .587 .904 .1~1 .908 .402 
.916 .092 .924 .193 .928 -.087 .932 .189 .964 -.598 .972 -1.050 
1.028 -.825 1.036 -1.070 1.040 -.717 1.064 -.210 1.068 .107 1.072 .029 
1.076 .364 -1.272 .157 1.28( 1.049 1.288 .825 1.320 .985 1.340 -.028 
1.344 .191 1.356 -.249 1.364 -.094 1.372 -.577 1.392 -1.072 1.396 -1.419 
1.404 -1.724 1.408 -2.199 1.448 -1.633 1.452 -1.1~7 1.456 -1.109 1.460 -1.364 
~ 1.468 -.'30 1.472 -.901 1.476 -.541 1.484 -.762 1. 584 4.314 1.588 4.048 
1.592 4.477 1.62"4 4.484 1.628 4.140 1.644 3.708 1.648 3.292 1.668 3.324 ~ 
1.672 2.992 1.688 2.981 1.732 .295 1.736 .410 1.744 -.296 1.748 -.269 
1.756 -.888 1.760 -.893 1.824 -7.636 1.832 -7.476 1.840 -7.745 1.856 -7.654 
1.912-11.495 1.936 -9.878 2.016 5.096 2.020 6.188 2.028 7.284 2.032 8.434 
2.036 8.768 2.040 9.502 2.044 10.569 2.072 15.491 2.076 15.633 2.096 18.335 
2.120 18.135 2.14i1 12.933 2.156 10.225 2.160 9.642 2.204 -3.668 2.224":10.708 
2.240-14.795 2.252-16.063 2.256-16.043 2.260-16.344 2.284-15.814 2.308-13-.030 
2.316-11.125.2.324 -9.780 2.328 -8.365 2.356 -2.510 2.428 5.578 2.432 6.410 
2.452 8.298 2.476 7.898 2.548 2.404 2.564 -.626 2.568 -1.090 2.588 -5.409 
2.592 -5.917 2.596 -6.914 2.620-10.027 2.640-10.951 2.652-10.252 2'160-10.192 
2.692 -8.184 2.768 2.208 2.788 3.553 2.792 4.078 2.808 5.071 2. 12 5.564 
2.816 5.469 2.828 5.783 2.848 4.594 2.868 1.070 2.892 -4.241 2.920 -8.477 
2.936 -9.659 2.940 -9.557 2.956-10.716 2.960-10.533 2.996-11.970 3.020 -9.404 
3.040 -4.590 3.084 10.191 3.104 14.492 3.108 14.898 3.112 15.671 3.116 16.016 
3.132 15.366 3.156 11.563 3.164 9.435 3.168 8.719 3.212 -4.540 3.236-10.551 
3.244-11.173 3.248-11.830 3.264-11.672 3.284-10.778 3.328-11.568 3.348 -9.323 
3.384 -3.873 3.388 -3.554 3.392 -2.741 3.400 -1.822 3.408 -.265 3.456 5.502 
3.476 6.124 3.512 5.444 3.516 5.724 3.524 5.375 3.528 5.694 3.536 5.213 
3.544 5.430 "3.548 5.015 3.556 4.903 3.592 l.299 3.604 -.940 3.628 -3.893 
3.632 -3.864 3.636 -4.253 3.688 -4:122 3.764 -8.348 3.780 -7.561 3.784 -7.033 
3.788 -7.0543.820 -2.983 3.824 -2.2233.828 -2.0543.852 .338 3.900 2.895 
3.904 3.404 3.912 3.498 3.916 4.007 3.976 5.392 3.988 4.372 3.992 3.760 
4.040 ~9.071 4.068-11.696 4.096-11.902 4.100-12.301 4.108-12.298 4.116-13.113 
4.140-12.144 4.164 -8.857 4.168 -7.717 4.176 -6.529 4.180 -5.278 4.184 -4.633 
CD 2 ....... 
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., III • III ,. .... I 6.0 I 4.0 , 6.0 1 
Typ. Beam 0.6 x 0.75 
Typ. Column 
0.6 x 0.6 
,,,.. 
"",.. ". ~ 
" 
- All dimensions in M 
- All beams have the same reinforcement 
- All columns have the same reinforcement 
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Fig. 2.2 Reduction of Time Step near a Break Point 
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Fig. 2.3 Area for Plotting 
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40 41 42 
1 11 21 31 
43 44 45 
2 12 22 32 
46 47 48 
3 13 50 ,23 51 33 49 
4 14 24 34 52 53 54 
5 15 25 3: 55 56 57 
I 
6 16 26 36 58 59 60 
7 17 27 37 
61 62 63 
8 18 28 38 
64 65 66 
9 19 29 
67 68 
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41 42 43 
11 21 31 
44 45 46 . 
12 22 32 
47 48 49 
13 23 33 
50 51 52 
14 24 34 
53 . 54 55 
15 25 35 
56 57 58 
16 26 36 
59 60 61 
17 27 37 
62 63 64 
18 28 38 
65 66 67 
19 29 39 
6.8 69 70 
20 30 40 
A,," /Tl'7 n~ 
Fig. 3.2 Element Numbering for structure FWl 
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C'vil Engineering Departmen 
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SIMULATED ELCEHTRO :1.~~O HS RUN ~ 
BASE ACCELERATION 
0 






l. • 5 TIME. SEC. 




-1.0~ ______ ~ __ ~ __ -4 ________ ~ ______ ~ ______ ~ ______ __ 
o TIME. SEC. 
1. 8 
Fig. 3.3 Example Output from PLARZ 
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HF2 RUN l. 





















:1 a 5 
OOF • 
Af\f\ MJ\ 1\/ vvvv V·VV 
1. a 5 
OOF • 
• !5 






T:IHE. SEC • 
52 
I1F2 RUN 1. 
SIMULATED ELCENTRO 18~O Ne RUN 1. 




-.02 TIME. SEC. 
1. a !5 
ACCELERATION DOF • 
.25 
o. 
-.25 TIME. SEC. 
0 2 
l. :I 5 




-.02 TIME. SEC. 
l. 3 !!5 




TIME • SEC. 
1 • !5 
Fi g. 3.3 (Cont'd) Example Output from PLARZ 
53 
NF2 RUN 1-
SIMULATED ELCENTRO l.840 N8 RUN l. 




-.oe TIME. SEC. 
D 
l. a 5 











:1. 3 5 
ACCELERATION OOF , e 
.25 
o. 
-.25 TIME • SEC. 
• 
Fig. 3.3 (Cont'd) Example Output from PLARZ 
54 
HF2 RUN:1. 
SIMULATED ELCENTRO 1810 H8 RUN 1 
Fig. 3.3 (Cont'd) Example Output from PLARZ 
55 
HF2 RUN ~ 










l. a 5 
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-.25~ ____ ~~~ ____ ~~ ____ ~ ______ ~ ______ ~ ______ _ 
l. 5 
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Fig. 3.4 Example Output from PLARZK 
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